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ABSTRACT 
The cytoplasm of the interior of maturing pine tracheids is revealed by scanning electron 
microscopy as a lamellate and filamentous intravacuolar reticulum immersed in vacuolar 
sap.  Formation of cytoplasmic spherules and the breakdown of the cytoplasmic reticulum 
initiate protoplast  disintegration that  terminates in tracheid  maturation. The process  is 
believed to involve vacuolar membrane transformations. 
Derivatives  of  cambiaI  fusiform  initials  dif- 
ferentiating into tracheids  of conifer xylem form 
the  secondary  cell  wall  during  the  maturation 
phase,  which ends with complete autolysis of the 
protoplast (1). The duration of cell wall deposition 
(and the production of wood substance) depends 
upon the stage of tracheid maturation at which the 
protoplast  is  autolysed  (2).  No  precise  data  are 
available concerning the  physiologic mechanism 
that induces the protoplast breakdown in maturing 
xylem  elements.  However,  the  investigation of 
cytoplasmic  organization  in  maturing  tracheids 
using the scanning electron microscope allows an 
insight into this process. 
For  this  study,  small cubes  of tissue  (1 mm  s) 
containing  xylem, cambial zone, and phloem were 
isolated from 8-year-old Pmus echinata Mill. stems, 
fixed at 4°C in 2% buffered glutaraldehyde and 
osmium tetroxide for 2 h each, and stored in cold 
02~  sodium cacodylate  buffer,  pH  7.2,  in 5% 
sucrose  The blocks were subsequently washed for 
1  h  in  several  changes  of  glass-distilled  water, 
positioned in aluminum holders  with  the  radial 
surface  exposed,  frozen,  and  fractured  under 
liquid  nitrogen  and  freeze-dried  in  a  vacuum 
(10  -~ tort) overnight (3). Before being observed in 
the scanning electron microscope, specimens were 
coated with a  layer of gold 200-400 A  thick. By 
fracturing away only a part of the radial wall and 
the  outer  layer  of  cytoplasm,  the  interior  of 
maturing tracheids became accessible to investiga- 
tion. As seen in Fig.  I,  the protoplasm of a  ma- 
turing tracheid is differentiated into two structur- 
ally different portions: an outer layer, lining the 
cell  wall,  and  an  intravacuolar cytoplasm.  The 
latter forms a  complex lamellate and filamentous 
reticulum enclosed in  vacuolar membranes and 
immersed in vacuolar sap.  It is composed of cyto- 
plasmic  strands  and  cytoplasmic  placolds  inter- 
connected by delicate bridges.  Sites  of organelle 
enclosures  are  indicated  by  swollen  areas.  This 
system  of  elaborately  organized  intravacuolar 
cytoplasm  with  such  an  enormously  deveIoped 
surface  area  of vacuolar membranes is probably 
functional in  an  intense exchange  of substances 
with the vacuolar sap, which in this case may be 
serving as a  vital, nutrient medium. In this con- 
cept, the evolution of a large vacuole filled with an 
aqueous solution of organic and inorganic com- 
ponents  may  be  understood  as  providing  the 
protoplast  with  its  own  highly  balanced  and 
controlled ultramieroenvironment. It would allow 
the  complex  metabolism  of  the  protoplast  to 
function for some time relatively independent of 
major variations in the supply of water and other 
substances received from xylem and phloem as a 
result of the  constantly changing outer  environ- 
ment. The role of vacuolar sap could be considered 
in this case  as providing a  system comparable to 
that of animal blood, although confined to a cellu- 
lar level. 
When the maturation of tracheids nears termi- 
nation, an  intensive budding-off, and  formation 
of  cytoplasmic  spherules  is  observed  (4).  The 
delicate  bridges  and  septations  of  the  intra- 
vacuolar reticulum break.  Cytoplasmic spherules 
occupied by organelles remain more or less spheri- 
cal, suggesting little change in organelle structure 
at this time. Ultimately they are found isolated in 
the  vacuole  (Fig  2),  where  they  are  autolysed. 
These findings confirm earlier studies of Cronshaw 
and Bouck (5) who observed mitochondria in the 
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maturation.  Their  suggestion  of  a  substantial 
change  in properties  of the  vacuolar  membranes 
as  the  first  structural  step  in  the  process  of dis- 
integration  of  the  protoplast  in  maturing  xylem 
elements  is  in  agreement  with  our  studies  The 
mechanism  of  final  autolysis  requires  further 
investigation, however,  it does not seem to be ac- 
complished  according  to  the  hypothesis  (6)  that 
proposes an mtracytoplasmic release of hydrolases 
from  lysosome-like particles.  The process  is  more 
likely  similar  to  that  recently  described  for 
senescing plant  cells  bv Matile  and  Winkenbach 
(7)  who observed intravacuolar digestion of cyto- 
plasmic components. 
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FIGURES 1 and ~  Organization of cytoplasm in a maturing pine tracheid. Radial longitudinal view after 
the portion of cell wall and the outer layer of cytoplasm were fractured away. Long axis of the cell is 
indicated by the white line  C[V,  cell wall;  Pl, plasmalemma surface,  Tp,  tonoplast surface.  Portions 
of the intravacuolar reticulum of cytoplasm are seen at arrows  Fig.  1, cytoplasmic vesicles budding off 
from the strands of the intravacuolar retieulum of cytoplasm are seen in the center of the mlcrograph. 
Tracheld at the stage of maturation before autolysis of protoplast.  )<  6600. Fig. o  breakdown of intra- 
vacuolar lamellate and filamentous reticulum of cytoplasm at the final stage of pine tracheid maturation. 
Isolated cytoplasmic spherules, many of which contain organclles are in the vacuole  )K  8000. 
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